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(54)  Compression  ignition  type  gasoline  engine  injecting  fuel  inside  intake  port  during  exhaust  stroke 

(57)  There  is  provided  a  compression  ignition  type 
gasoline  engine  operable  under  a  stable  lean 
burn  condition  with  a  high  compression  ratio, 
and  which  has  a  simple  construction  without 
using  a  pre-heating  system  for  an  air-fuel  mixt- 
ure.  An  intake  port  (5)  communicates  with  a 
combustion  chamber  via  an  opening.  The  open- 
ing  is  closed  by  an  intake  valve  (7).  A  fuel 
injection  valve  (9)  is  provided  in  the  intake  port 
(5)  so  as  to  inject  an  amount  of  gasoline  inside 
the  intake  port  (5)  within  a  duration  in  which  the 
opening  is  substantially  closed  by  the  intake 
valve.  Heat  is  generated  in  the  mixture  in  the 
combustion  chamber  by  means  of  a  high  com- 
pression  ratio  so  that  the  mixture  is  self-ignited 
only  by  heat  generated  by  compression.  The 
compression  ratio  ranges  from  about  14  to 
about  20. 
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BACKGROUND  OF  THE  INVENTION 

(1)  Field  of  the  Invention 

The  present  invention  generally  relates  to  gaso- 
line  engines  and,  more  particularly,  to  a  compression 
ignition  type  gasoline  engine  in  which  gasoline  is  in- 
jected  into  an  intake  port. 

Diesel  engines  have  an  advantage  over  gasoline 
engines  in  their  specific  fuel  consumption  because 
they  do  not  have  a  throttle  on  their  intake  line  and  are 
capable  of  achieving  a  lean  burn  condition  by  means 
of  compression  ignition.  However,  diesel  fuel  in  the 
diesel  engine  is  compression-ignited  by  being  strati- 
fied  and,  thus,  emission  control  cannot  be  as  good  as 
that  obtained  by  gasoline  engines.  More  specifically, 
exhaust  gas  of  diesel  engines  inevitably  contains  soot 
which  prevents  use  of  a  catalytic  converter.  Accord- 
ingly,  diesel  engines  must  control  emissions  mainly 
by  improving  their  combustion  conditions. 

On  the  other  hand,  although  the  gasoline  engines 
exhaust  a  relatively  high  level  of  emissions,  they  can 
achieve  low-level  emissions  for  the  whole  exhaust 
system  by  having  an  emission  control  ystem  such  as 
a  three-way  catalytic  converter.  This  is  because  the 
gasoline  engines  exhaust  less  soot  as  compared  to 
the  diesel  engines  and,  thus,  the  catalytic  converter 
can  be  more  easily  and  conveniently  used  with  gaso- 
line  engines  than  the  diesel  engines.  However,  gaso- 
line  engines  have  a  relatively  high  specific  fuel  con- 
sumption  due  to  a  throttle  which  makes  difficulty  in 
a  lean  burn  operation  and  due  to  their  low  compres- 
sion  ratio. 

In  order  to  improve  the  above-mentioned  disad- 
vantages  of  the  gasoline  engines,  a  lean  burn  gaso- 
line  engine  is  suggested  which  can  reduce  pumping 
loss  and  increase  a  ratio  of  specific  heats  of  working 
gas  fuel.  However,  a  range  of  an  equivalence  ratio  for 
achieving  a  stable  combustion  in  the  lean  burn  gaso- 
line  engine  is  not  as  wide  as  that  of  the  diesel  engines 
and,  thus,  a  high  efficiency  over  an  entire  operating 
range  cannot  be  achieved. 

Therefore,  it  is  desired  to  develop  a  gasoline  en- 
gine  which  has  a  specific  fuel  consumption  as  good 
as  that  of  the  diesel  engines  while  maintaining  good 
emission  control. 

(2)  Description  of  the  Related  Art 

Japanese  Laid-Open  Patent  Application  No.62- 
41940  discloses  a  high  compression  ratio  engine  us- 
ing  gasoline  and  diesel  fuel.  In  this  engine,  after  the 
air-gasoline  mixture  is  introduced  and  compressed  in 
a  cylinder,  diesel  fuel  is  injected  in  the  cylinder  near 
the  top  dead  center  position  of  a  piston.  The  diesel 
fuel  is  self-ignited,  and  then  the  gasoline  in  the  mix- 
ture  is  ignited.  In  this  engine,  the  injection  of  the  diesel 
fuel  is  used  as  an  ignition  means  instead  of  the  spark 

of  a  spark  plug.  This  method  has  a  disadvantage  in 
that  construction  of  the  engine  is  complex  and  man- 
ufacturing  cost  is  high  due  to  a  diesel  fuel  injection 
system  being  added  to  the  gasoline  engine. 

5  Japanese  Patent  Publication  No.58-53169  dis- 
closes  a  4-cycle  gasoline  engine  having  a  pre-heating 
system  which  heats  an  air-fuel  mixture,  before  it  en- 
ters  a  combustion  chamber,  by  using  heat  from  ex- 
haust  gas.  Because  the  air-fuel  mixture  is  sufficiently 

10  heated  before  entering  the  combustion  chamber,  the 
fuel  can  be  burned  by  means  of  compression  ignition 
under  a  normal  compression  ratio  which  is  used  for  a 
normal  gasoline  engine.  Use  of  a  compression  ratio 
of  7  is  described  in  this  publication.  The  pre-heating 

15  system  is  achieved  by  leading  exhaust  gas  around  an 
intake  line.  Thus  construction  of  the  engine  is  com- 
plex  and  freedom  of  design  of  the  intake  line  is  limited. 

Japanese  Laid-Open  Patent  Application  No.5- 
33708  discloses  an  alcohol  engine  having  a  fuel  injec- 

20  tion  nozzle  in  an  intake  port.  When  a  small  amount  of 
alcohol  is  injected,  the  alcohol  is  injected  inside  the  in- 
take  port  during  an  exhaust  stroke  so  that  the  injected 
alcohol  is  sufficiently  evaporated  and  mixed  with  air 
before  entering  a  combustion  chamber  so  as  to  help 

25  ignition  by  a  spark  plug.  Since  this  engine  is  a  spark 
ignition  type  engine  using  a  low  compression  ratio, 
this  engine  has  the  same  problem  as  that  disclosed 
in  the  above-mentioned  Japanese  Patent  Publication 
No.58-53169. 

30 
SUMMARY  OF  THE  INVENTION 

It  is  a  general  object  of  the  present  invention  to 
provide  an  improved  and  useful  gasoline  engine  in 

35  which  the  above-mentioned  disadvantages  are  elim- 
inated. 

A  more  specific  object  of  the  present  invention  is 
to  provide  a  compression  ignition  type  gasoline  en- 
gine  which  is  operable  under  a  stable  lean  burn  con- 

40  dition  with  a  high  compression  ratio. 
Another  object  of  the  present  invention  is  to  pro- 

vide  a  compression  ignition  type  gasoline  engine 
which  has  a  simple  construction  without  using  a  pre- 
heating  system  for  an  air-fuel  mixture. 

45  In  order  to  achieve  the  above-mentioned  objects, 
there  is  provided  according  to  the  present  invention  a 
compression  ignition  type  gasoline  engine  compris- 
ing: 

a  combustion  chamber  in  which  a  mixture  of  air 
so  and  gasoline  is  combusted  by  compression  ignition; 

an  intake  port  communicating  with  the  com- 
bustion  chamber  via  an  opening  so  that  air  is  suc- 
tioned  into  the  combustion  chamber  through  the  in- 
take  port  and  the  opening,  the  opening  being  closed 

55  by  an  intake  valve;  and 
a  fuel  injection  valve  provided  in  the  intake  port 

so  as  to  inject  gasoline  inside  the  intake  port,  the  fuel 
injection  valve  injecting  the  gasoline  within  a  duration 
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in  which  the  opening  is  substantially  closed  by  the  in- 
take  valve, 

the  mixture  is  heated  in  the  combustion  cham- 
ber  by  a  high  compression  ratio  of  the  engine  and  the 
mixture  is  self-ignited  by  heat  generated  only  by  com- 
pression. 

According  to  the  present  invention,  since  gaso- 
line  is  injected  inside  the  intake  port  a  considerable 
amount  of  time  before  the  intake  valve  is  open,  the 
mixture  of  air  and  gasoline  in  the  intake  port  is  suffi- 
ciently  heated  before  entering  the  combustion  cham- 
ber.  Accordingly,  the  mixture  can  be  easily  ignited  by 
means  of  compression  ignition  performed  at  high 
pressure.  Additionally,  since  the  gasoline  injected  in 
the  intake  port  is  completely  evaporated  before  enter- 
ing  the  combustion  chamber,  reliable  compression  ig- 
nition  can  be  achieved. 

Other  objects,  features  and  advantages  of  the 
present  invention  will  become  more  apparent  from 
the  following  detailed  description  when  read  in  con- 
junction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.1  is  a  cross-sectional  view  of  a  part  of  a  first 
embodiment  of  a  compression  ignition  type  gaso- 
line  engine  according  to  the  present  invention; 
FIG.2  is  a  cross-sectional  view  of  a  variation  of  a 
recess  formed  in  a  piston  shown  in  FIG.1; 
FIG.3  is  a  cross-sectional  view  of  another  varia- 
tion  of  the  recess  formed  in  the  piston  shown  in 
FIG.1; 
FIG.4  is  a  cross-sectional  view  of  another  varia- 
tion  of  the  recess  formed  in  the  piston  shown  in 
FIG.1; 
FIG.5  is  a  cross-sectional  view  of  another  varia- 
tion  of  the  recess  formed  in  the  piston  shown  in 
FIG.1; 
FIG.6  is  a  graph  showing  heat  release  rates  ob- 
tained  by  a  gasoline  engine  according  to  the  pres- 
ent  invention  and  a  diesel  engine; 
FIG.7  is  a  graph  of  an  indicated  mean  effective 
pressure  of  a  gasoline  engine  according  to  the 
present  invention,  relative  to  injection  timing; 
FIG.8  is  a  graph  showing  the  amount  of  NOx  pro- 
duced  by  a  gasoline  engine  according  to  the  pres- 
ent  invention  and  that  produced  by  a  diesel  en- 
gine; 
FIG.9  is  a  graph  of  NOx  emission  produced  by  a 
gasoline  engine  according  to  the  present  inven- 
tion,  relative  to  injection  timing; 
FIG.1  0  is  a  graph  of  HC  emission  produced  by  a 
gasoline  engine  according  to  the  present  inven- 
tion,  relative  to  injection  timing;  and 
FIG.1  1  is  a  graph  of  CO  emission  produced  by  a 
gasoline  engine  according  to  the  present  inven- 
tion,  relative  to  injection  timing. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

A  description  will  now  be  given,  with  reference  to 
5  FIG.1,  of  an  embodiment  of  a  compression  ignition 

type  gasoline  engine  according  to  the  present  inven- 
tion.  FIG.1  is  a  cross-sectional  view  of  a  part  of  the 
engine. 

In  FIG.1,  a  piston  2  reciprocally  moves  inside  a 
10  cylinder  1.  The  piston  2  has  a  reentrant  type  recess 

3  on  the  flat  top  surface  thereof.  A  cylinder  head  4  is 
provided  on  the  cylinder  1.  The  cylinder  head  4  has 
an  intake  port  5  and  an  exhaust  port  6.  Intake  airflows 
into  the  cylinder  1  via  the  intake  port  5.  Exhaust  gas 

15  is  discharged  from  the  cylinder  1  via  the  exhaust  port 
6.  The  opening  of  the  intake  port  is  opened  and  closed 
by  an  intake  valve  7.  The  opening  of  the  exhaust  port 
6  is  opened  and  closed  by  an  exhaust  valve  8.  The 
combustion  chamber  is  defined  by  the  cylinder  1  ,  the 

20  piston  2  and  the  cylinder  head  4. 
The  recess  3  formed  in  the  piston  2  is  a  main  part 

of  a  combustion  chamber.  The  opening  of  the  recess 
3  is  smaller  than  the  bottom  surface  thereof  so  that  a 
throat  is  formed  at  the  opening  of  the  recess  3.  The 

25  center  axis  of  the  recess  3  matches  the  longitudinal 
axis  of  the  piston  2.  The  maximum  diameter  D2  of  the 
recess  3  is  greater  than  one-half  of  a  diameter  D1  of 
the  piston  2.  Specifically,  the  diameter  D1  of  the  pis- 
ton  2  is  102  mm  while  the  diameter  D2  of  the  recess 

30  3  is  60  mm.  Additionally,  the  depth  D3  of  the  recess 
3  is  less  than  one-third  of  the  diameter  D2  of  the  re- 
cess  3.  Specifically,  the  depth  D3  is  19  mm. 

An  electromagnetically  operated  fuel  injection 
valve  9,  part  of  the  electronic  fuel  injection  (EFI)  sys- 

35  tern,  is  provided  in  the  cylinder  head  4.  An  injection 
nozzle  of  the  valve  9  is  directed  inwardly  toward  the 
intake  port  5.  An  extension  of  the  longitudinal  axis  of 
the  valve  9,  corresponding  to  the  direction  of  fuel  in- 
jection,  intersects  with  the  longitudinal  axis  of  the  in- 

40  take  valve  7.  The  valve  9  intermittently  injects  an 
amount  of  gasoline  inwardly  toward  the  intake  port  5 
at  a  low  pressure  ranging  from  0.15  MPa  to  1  MPa, 
preferably  at  0.3  MPa. 

Injection  of  the  gasoline  is  performed  during  a 
45  predetermined  period.  The  predetermined  period  is 

from  10  degrees  of  crank  angle  before  the  intake 
valve  7  is  closed  to  1  1  0  degrees  of  crank  angle  before 
the  intake  valve  7  is  opened.  By  injecting  the  gasoline 
during  the  abovementioned  predetermined  period,  it 

so  takes  a  considerable  time  period  before  the  gasoline 
injected  inside  the  intake  port  5  is  suctioned  or  drawn 
into  the  cylinder  1  .  Accordingly,  the  gasoline  inside 
the  inlet  port  5  is  completely  evaporated  and  mixed 
with  air  before  the  mixture  of  air  and  the  evaporated 

55  gasoline  enters  the  cylinder  1.  Accordingly,  a  com- 
pletely  premixed  air-fuel  mixture  is  produced  when 
the  next  suction  stroke  of  the  piston  is  started.  It 
should  be  noted  that  although  injection  of  gasoline  is 

3 
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started  before  the  intake  valve  is  closed,  gasoline  in- 
jected  at  1  0  degrees  of  crank  angle  before  the  intake 
valve  is  closed  does  not  immediately  flow  into  the  cy- 
linder.  Instead,  it  is  suctioned  into  the  cylinder  1  in  the 
next  suction  stroke.  5 

If  gasoline  is  injected  when  the  intake  valve  7  is 
open  for  a  suction  stroke  of  the  piston  as  is  in  the  con- 
ventional  engine,  a  completely  premixed  mixture  can- 
not  be  produced.  As  a  result,  output  power  is  de- 
creased  and  specific  fuel  consumption  is  increased.  10 
Also,  incomplete  combustion  products,  such  as  HC 
and  CO,  are  generated  in  the  emissions.  However,  a 
compression  ignition  type  gasoline  engine  according 
to  the  present  invention  has  a  better  total  specif  ic  fuel 
consumption,  and  greatly  reduces  NOx  in  emissions.  15 

Additionally,  since  the  only  purpose  of  the  injec- 
tion  of  gasoline  in  the  present  invention  is  to  supply  a 
predetermined  amount  of  gasoline  inside  the  intake 
port  5,  the  injection  does  not  require  a  high  pressure, 
such  as  a  pressure  of  20  MPa,  because  it  is  not  nec-  20 
essary  to  produce  a  mixture  by  energy  of  the  injection 
pulse.  Accordingly,  a  simple  fuel  injection  valve  can 
be  used  in  the  gasoline  engine  according  to  the  pres- 
ent  invention.  Contrary  to  fuel  injection  performed  in 
the  conventional  engine,  a  coarse  mist  produced  due  25 
to  low  pressure  of  the  injection  is  even  preferable  be- 
cause  the  mist  is  attached  on  an  inner  surface  of  the 
intake  port  5.  This  condition  promotes  evaporation  of 
the  gasoline. 

The  above-mentioned  gasoline  engine  is  operat-  30 
ed  under  a  high  compression  ratio  which  ranges  from 
about  14  to  about  20.  By  using  a  compression  ratio 
ranging  from  about  14  to  about  20,  the  mixture  suc- 
tioned  in  the  combustion  chamber  generates  suffi- 
cient  heat  to  be  self-ignited.  Preferably,  the  compres-  35 
sion  ratio  is  about  15  to  about  19  so  as  to  prevent  en- 
gine  knock.  Most  preferably,  the  compression  ratio  is 
17.5.  By  using  a  high  compression  ratio  of  17.5,  a  re- 
liable  compression  ignition  of  gasoline  in  the  combus- 
tion  chamber  is  ensured,  and  generation  of  knocking  40 
is  prevented.  This  is  because  a  completely  premixed 
mixture  is  combusted  by  means  of  combustion  igni- 
tion  under  a  high  compression  ratio,  resulting  in  a  su- 
per  lean  burn.  Accordingly,  undesired  emissions,  in 
particular  NOx,  are  greatly  reduced.  Additionally,  a  45 
stable  combustion  range  is  expanded  and,  thus,  a 
qualitative  control  of  output  power  can  be  performed. 
Further,  since  the  engine  according  to  the  present  in- 
vention  does  not  have  a  throttle  for  the  intake  air,  an 
intake  pressure  loss  is  greatly  reduced  to  a  level  50 
which  is  substantially  the  same  as  that  of  a  direct  fuel 
injection  type  diesel  engine  and,  thus,  specific  fuel 
consumption  is  further  improved  with  respect  to  en- 
gine  cycle  theory. 

Additionally,  the  recess  3  formed  in  the  piston  2,  55 
which  serves  as  a  main  part  of  the  combustion  cham- 
ber,  is  not  limited  to  the  configuration  shown  in  FIG.1  . 
Variations  of  the  recess  3  are  shown  in  FIGS.2  to  5. 

The  recess  3  shown  in  FIG.2  has  a  open  chamber 
shape  which  does  not  have  the  throat  at  an  opening 
thereto.  Additionally,  the  center  axis  0'  of  the  recess 
3  is  displaced  from  the  center  axis  0  of  the  piston  2. 
Specifically,  an  inner  diameter  D4  of  the  recess  3  is 
70  mm  while  an  outer  diameter  D5  of  the  piston  is  102 
mm,  and  a  depth  D6  is  14  mm.  The  recess  3  shown 
in  FIG.3  does  not  have  a  cylindrical  portion  at  the 
opening  as  compared  to  the  recess  3  shown  in  FIG.2. 
The  recess  3  shown  in  FIG.4  has  a  flat  bottom  sur- 
face,  and  the  center  axis  0'  of  the  recess  is  the  same 
as  the  center  axis  of  the  piston  2.  The  recess  3  shown 
in  FIG.  5  has  a  small  protrusion  at  the  center  of  the 
bottom  surface. 

Performance  of  a  compression  ignition  type  ga- 
soline  engine  according  to  the  present  invention  was 
compared  with  that  of  a  direct  fuel  injection  type  die- 
sel  engine.  The  direct  injection  type  diesel  engine  is 
considered  to  have  the  lowest  specific  fuel  consump- 
tion  among  conventional  internal  combustion  engines 
in  practical  use.  The  comparison  experiments  were 
performed  by  using  a  compression  ignition  type  ga- 
soline  engine  (hereinafter  referred  to  as  the  gasoline 
engine)  having  a  single  cylinder  and  a  direct  fuel  in- 
jection  type  diesel  engine  (hereinafter  referred  to  as 
the  diesel  engine)  having  a  single  cylinder.  Both  of  the 
engines  had  a  cylinder  bore  of  102  mm  and  a  piston 
stroke  of  112  mm,  and  the  compression  ratio  was 
17.5. 

Diesel  fuel  was  used  for  the  diesel  engine.  The 
diesel  fuel  was  injected  directly  inside  a  combustion 
chamber  at  a  pressure  of  up  to  20  MPa  by  using  a  die- 
sel  injection  valve  during  the  latter  half  of  the  com- 
pression  stroke.  Gasoline  was  used  for  the  gasoline 
engine  according  to  the  present  invention.  The  gaso- 
line  was  injected  inside  an  intake  port  at  a  pressure 
of  up  to  0.3  MPa  while  the  intake  valve  was  closed. 
The  gasoline  was  self-ignited  by  means  of  compres- 
sion  ignition  due  to  the  high  compression  ratio  used 
in  engines  like  a  diesel  engine.  Accordingly,  the  ga- 
soline  engine  according  to  the  present  invention  does 
not  have  a  spark  plug  and  a  throttle  for  intake  air. 

Experiments  were  performed  by  fixing  engine 
speed  of  both  of  the  gasoline  and  diesel  engines  at 
1  ,000  rpm.  The  results  of  the  experiments  are  dis- 
cussed  below  with  reference  to  FIGS.6  to  11. 

(1)  A  stable  combustion  condition  by  compres- 
sion  self-ignition  was  obtained  for  the  engine  ac- 
cording  to  the  present  invention  at  an  air-fuel  ra- 
tio  equal  to  or  less  than  57. 
(2)  A  diagram  of  the  heat  release  rate  was  ob- 
tained  for  both  of  the  gasoline  engine  and  the  die- 
sel  engine.  As  shown  in  FIG.6,  the  diagram  of  the 
diesel  engine  showed  a  combustion  process  hav- 
ing  a  premixed  combustion  process  and  a  diffu- 
sion  combustion  process,  while  that  of  the  gaso- 
line  engine  according  to  the  present  invention 
showed  only  a  premixed  combustion  process 
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which  is  similar  to  that  of  conventional  gasoline 
engines.  In  FIG.6,  relatively  straight  portions  in- 
dicate  that  premixed  combustion  is  performed, 
and  a  curved  portion  indicates  that  diffusion 
combustion  is  performed. 
(3)  Values  of  an  indicated  mean  effective  pres- 
sure  (imep  shown  in  FIG.7)  and  values  of  an  in- 
dicated  specific  fuel  consumption,  which  were 
obtained  when  the  gasoline  was  injected  during 
a  period  excluding  a  period  in  which  an  intake 
valve  is  open,  were  the  same  as  that  obtained  by 
the  diesel  engine. 
(4)  The  amount  of  NOx  (FIG.8)  produced  by  the 
gasoline  engine  was  about  one-thirtieth  of  that 
produced  by  the  diesel  engine.  In  the  graph 
shown  in  FIG.8,  (A)  indicates  the  amount  of  NOx 
produced  by  the  gasoline  engine  and  (C)  indi- 
cates  that  produced  by  the  diesel  engine.  (B)  of 
the  graph  indicates  the  amount  of  NOx  produced 
by  a  gasoline  engine  in  which  gasoline  is  injected 
directly  into  a  cylinder.  The  NOx  emission  is  main- 
tained  at  a  constant  low  level  as  shown  in  FIG.9. 
Thus,  the  gasoline  engine  according  to  the  pres- 
ent  invention  achieves  a  low  level  specific  fuel 
consumption  the  same  as  that  of  the  direct  fuel 
injection  diesel  engine  while  maintaining  a  low 
NOx  emission  level. 
(5)  The  concentration  of  HC  emissions  (FIG.  10) 
was  sharply  increased  when  gasoline  was  inject- 
ed  while  the  intake  valve  was  open.  The  concen- 
tration  of  HC  emissions  was  maintained  at  a  con- 
stant  low  level  when  the  amount  of  gasoline  was 
injected  during  a  period  excluding  a  period  in 
which  the  intake  valve  is  open. 
(6)  Similarly  to  the  concentration  of  HC  emis- 
sions,  a  concentration  of  CO  emissions  (FIG.11) 
was  sharply  increased  when  gasoline  was  inject- 
ed  while  the  intake  valve  was  open.  The  concen- 
tration  of  CO  emissions  was  maintained  at  a  con- 
stant  low  level  when  gasoline  was  injected  during 
a  period  excluding  a  period  in  which  the  intake 
valve  is  open. 
The  present  invention  is  not  limited  to  the  specif- 

ically  disclosed  embodiments,  and  variations  and 
modifications  may  be  made  without  departing  from 
the  scope  of  the  present  invention. 

Claims 

1.  A  compression  ignition  type  gasoline  engine  in 
which  a  mixture  of  air  and  gasoline  is  combusted 
by  compression  ignition  in  a  combustion  cham- 
ber,  said  compression  ignition  type  gasoline  en- 
gine  comprising  an  intake  port  (5)  communicating 
with  said  combustion  chamber  via  an  opening  so 
that  air  is  suctioned  into  the  combustion  chamber 
through  the  intake  port  (5)  and  said  opening,  said 

opening  being  closed  by  an  intake  valve  (7),  said 
compression  ignition  type  gasoline  engine  being 
characterized  in  that; 

a  fuel  injection  valve  (9)  is  provided  in  said 
5  intake  port  (5)  so  as  to  inject  gasoline  inside  said 

intake  port  (5),  said  fuel  injection  valve  injecting 
the  gasoline  within  a  duration  in  which  said  open- 
ing  is  substantially  closed  by  said  intake  valve  (7); 
and 

10  heat  is  generated  in  the  mixture  in  the 
combustion  chamber  by  means  of  a  high  com- 
pression  ratio  and  the  mixture  is  self-ignited  only 
by  heat  generated  by  compression. 

15  2.  The  compression  ignition  type  gasoline  engine 
as  claimed  in  claim  1,  characterized  in  that  said 
compression  ratio  ranges  from  about  14  to  about 
20. 

20  3.  The  compression  ignition  type  gasoline  engine 
as  claimed  in  claim  1,  characterized  in  that  said 
compression  ratio  ranges  from  about  1  5  to  about 
19. 

25  4.  The  compression  ignition  type  gasoline  engine 
as  claimed  in  claim  1,  characterized  in  that  said 
compression  ratio  is  substantially  17.5. 

5.  The  compression  ignition  type  gasoline  engine 
30  as  claimed  in  claim  1,  characterized  in  that  said 

duration  is  from  substantially  10  degrees  of  crank 
angle  before  said  opening  is  closed  to  substan- 
tially  110  degrees  of  crank  angle  before  said 
opening  is  opened. 

35 
6.  The  compression  ignition  type  gasoline  engine 

as  claimed  in  claim  1,  characterized  in  that  said 
combustion  chamber  is  defined  by  a  cylinder  (1), 
a  cylinder  head  (4)  and  a  piston  (2),  said  cylinder 

40  head  having  a  substantially  flat  surface  opposite 
to  a  top  surface  of  said  piston  (2),  said  piston  (2) 
having  a  recess  (3)  provided  in  said  top  surface 
which  recess  (3)  defines  a  part  of  said  combus- 
tion  chamber. 

45 
7.  The  compression  ignition  type  gasoline  engine 

as  claimed  in  claim  6,  characterized  in  that  a  di- 
ameter  of  said  recess  (3)  is  more  than  one-half  of 
an  outer  diameter  of  said  piston  (2),  and  a  depth 

so  of  said  recess  (3)  is  less  than  one-third  of  said  di- 
ameter  of  said  recess  (3). 

8.  The  compression  ignition  type  gasoline  engine 
as  claimed  in  claim  1  ,  wherein  said  fuel  injection 

55  valve  injects  the  gasoline  at  a  pressure  ranging 
from  about  0.15  MPa  to  about  1  MPa. 
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